2 application files to a top-five economics Ph.D. program in 1989, includes demographic variables, undergraduate institution, information on prior graduate degrees, GRE scores, and the names of letters of reference writers. Unfortunately, the application file summaries available to us did not include the transcripts or the contents of the letters of reference. Thus, we evaluate whether the quality of the undergraduate institution (irrespective of major, GPA or course selection) and the prominence of the letter writers (regardless of their assessment of the applicant) correlate with important long run career outcomes. In addition, we test the efficacy of the admission committee's subjective rating of each candidate. This rating encapsulates the characteristics noted above, as well as additional information not available to us such as course selection, grades, academic honors received, and the content of the letters of reference.
Our analysis breaks new ground in several ways. Since we estimate the relationship between degree completion and the selection criteria for all applicants, our analysis constitutes the sole predictive validity study of economics Ph.D. completion. 2 In addition, we test whether some basic types of information function as effective signals of applicants' career success. Two of the signals of potential economics talent-the identity of letter writers and admission committee rankings-have not been used previously with any other data set.
I. Doctoral Program Completion and Publication Outcomes
By July 2006, 17 years after applying to one top-five economics doctoral programs, 226 of the 344 applicants (66%) had completed a Ph.D. in economics or a closely related field, such as business economics or public policy. In addition to predicting Ph.D. completion, we also look at long run research productivity, as measured by publication data derived from the EconLit database in July 2006.
The mean number of refereed journal publications for those who completed a Ph.D. and had complete application data is 4.5, 50 percent higher than the overall sample mean of 3.0 articles.
Because of the skewed distribution of publications (many individuals having zero), our analysis also uses a dichotomous variable equal to one if the individual has at least one peer-reviewed journal publication-among doctorates with complete file data, 70 percent published. To see which individuals eventually published in one of the discipline's leading journals, we also estimate the probability of publishing at least one article in the Hartley and Robinson, 1997) and the top 20 global economics programs (according to Kalaitzidakis et al., 2003) . 4 For the sample size used to estimate research productivity (n=174), seven percent received their baccalaureates from an elite liberal arts college and 18 percent graduated from a top global economics department. To code the identity of letter writers, we use Krueger and Wu's (2000) mutually exclusive subjective quality groupings:
Reference Group 1 includes at least one top research economist (i.e., a well-known and respected researcher), Reference Group 2 contains at least one active economist (i.e., an economist who had prominently published in the not too distant past), and Reference Group 3 includes all others.
Among doctorates with complete records, 16 percent had a Reference Group 1 letter writer and 14 percent had a writer categorized as Reference Group 2. Finally, two members of the admission committee read 85 percent of the application folders (293) and ranked the candidates on a scale of 0-9, for a variable range of 0-18.
II. Ex Ante Determinants of the Variation in Ph.D. Completion
Since a third of the applicant pool did not complete a Ph.D., we use probit analysis to estimate what ex ante information contained in student application files predicts doctoral degree completion (where the dependent variable is equal to one if an individual obtained a doctorate by
July of 2006). The marginal effects of these probit results are shown in Table 2 , column 1.
Foreign applicants, those with high quantitative and verbal GRE scores, and those with a letter of 
III. Ex Ante Determinants of the Variation in Research Productivity
To probe the predictors of refereed publications, we regress three measures of research productivity on the set of application file variables. Given the lumpy nature of the distribution of publications (30 percent of doctorates with complete file information have no publications), our first regression uses a probit model where the dependent variable is equal to one if an individual has published at least one peer-reviewed journal article. The marginal effects shown in column 4
of Table 2 show that higher probabilities of publishing are significantly associated with both higher quantitative GRE scores and the prominence of one's reference writers. Specifically, having a prolific and well-known reference writer corresponds to an increase of 23 percent in the probability of publishing at least one journal article and having a reference writer who actively publishes increases the probability of publishing at least one article by 18 percent, ceteris paribus. A 50 point increase in the quantitative GRE score (from a mean value of 740) corresponds to an increase of 10 percent in the likelihood of publishing.
Might having a prominent or active letter writer merely proxy for the quality of 
IV. Do Admission Committee Ratings of Applicants Have Predictive Value?
The results from our data show that taken alone, the sum of the subjective ratings of admission committee members is a strong predictor of doctoral completion and all three measures of publishing (see columns 2, 5, 8, and 11 of Table 2 ). In each instance, the subjective ratings are significant at the 1 percent level and meaningful in magnitude. For instance, a one standard deviation increase in the committee's subjective ratings (4.3 on a scale of 18) increases the probability of doctoral completion (by 16%), publishing at least one peer-reviewed article (by 15%), and publishing in one of the leading journals (by 9%).
When we combine the admission committee members' subjective ratings along with the rest of the application data, many coefficients change significance and magnitude compared with the estimations using only applicant file data. For example, including subjective ratings in the Ph.D. completion model does not affect the magnitude or significance of the foreign baccalaureate and Reference 1 coefficients, but verbal GRE scores lose significance while quantitative GRE scores and the indicator variable for Reference 2 writers become less significant (from 5 percent to 10 percent) and smaller in magnitude (compare column 1 and 3 of Table 2 ). Thus, the sum of ratings apparently incorporates the predictive role of some but not other variables.
Note that the pseudo R-squared values for the doctoral completion regressions using admission file information only, subjective ratings only, and both sets of information are 0.102, 0.073 and 0.145, respectively (columns 1-3, Table 2 ). The same pattern occurs for the regressions involving publishing at least one article and publishing at least one top article: a regression using a purely statistical model without human ratings has better predictive power than a regression using human ratings alone, but combining both types of information yields superior predictions. Thus, these results suggest that admission committees should use both types of information to identify economics talent, which is consistent with the idea that admission committee rankings offer valuable information about the "true ability" of applicants (as suggested by Ehrenberg and Mavros, 1995) .
The non-effect of including subjective ratings on foreign undergraduates' probabilities of 
V. Summary
Economics departments seek candidates with the preparation, aptitude, drive and creativity to succeed in their programs and become successful economists. Here we identify two credible signals to admission committees of otherwise unobservable economics talent.
According to our analysis, demonstrated quantitative ability and the prominence of letter writers, but not the prestige of the undergraduate institutions, strongly predict Ph.D. completion and research productivity 17 years later.
While the richness of our data allows us to examine new relationships and include variables not previously used, we recognize some limitations of this study. The sample is taken from applicants to a particular top-five economics Ph.D. program in one year, 1989, and is not representative of all economics Ph.D. applicants since these individuals either enrolled in, or aspired to enroll in, an elite program. Finally, the idiosyncratic nature of two key indicator variables-the quality of letter of reference writers and the admission committees' ratings of the applicants-suggests that caution be used in generalizing our results. Caveats aside, however, the economics Ph.D. talent search deserves greater scrutiny both due to the high-stakes nature of the admission decision and because selecting applicants for such a long training period is important for the efficient allocation of valuable student, faculty, and school resources. Future work should analyze the role of the content of reference letters, the personal statement, and course choice, as well as any other information about academic honors, theses, or fellowship awards. 1 Krueger and Wu (2000) estimated initial job placement using this same data.
2 Existing studies examine degree completion for matriculants (Ehrenberg and Mavros, 1995) and time-to-degree for completers (Ehrenberg and Mavros, 1995; iegfried and Stock, 2001 ).
3 The Laband-Piette index, a "long term" impact factor (5 years) that gives higher weight to citations from better journals, values an articles in the AER as 100 and, for example, in Economic Inquiry as 4.7 and in the JPE as 52.0. 4 We obtained essentially the same result coding just the top ten for each category.
5 Grove et al. (forthcoming) find that prior math and economics courses and information from the personal statement predict economics Ph.D. completion. 
